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Abstract²,QWHUDFWLYHFRQWUROVWUDWHJLHVKDYHEHHQZLGHO\XVHG
LQPDQ\UHKDELOLWDWLRQURERWLFGHYLFHV7KHGLVWLQFWLYHIHDWXUHRI
WKHVHVWUDWHJLHV LV WKDW WKHSDWLHQWFDQEHHQFRXUDJHGWRDFWLYHO\
SDUWLFLSDQW LQ WKH WKHUDS\ SURJUDP ,Q WKLV SDSHU D QRYHO
DGDSWLYH LPSHGDQFHFRQWUROPHWKRGZKLFKDOORZVWKHSDWLHQW WR
DFWLYHO\ LQIOXHQFH WKH URERW PRYHPHQW WUDMHFWRU\ LV SUHVHQWHG
7KH FRQWURO DOJRULWKP GHYHORSHG LQ WKLV SDSHU LV FDSDEOH RI
UHJXODWLQJ WKH GHVLUHG LPSHGDQFH DFFRUGLQJ WR WKH SDWLHQW¶V
DFWXDO GHYLDWLRQ IURP WKH GHVLUHG SDWK DQG WKH G\QDPLF
UHODWLRQVKLSEHWZHHQSDWLHQWV¶PRWLRQLQWHQWLRQDQGWKHUHIHUHQFH
WUDMHFWRU\$YLUWXDOWXQQHOVXUURXQGLQJWKHUHIHUHQFHWUDMHFWRU\
LV GHVLJQHG WR HQVXUH WKH SDWLHQW¶V UDQJH RI PRWLRQ LV DOZD\V
SK\VLRORJLFDOO\PHDQLQJIXO7KHSURSRVHGUHKDELOLWDWLRQVWUDWHJ\
HQFRXUDJHV SDUWLFLSDQWV WR PDNH FRQWULEXWLRQV WR UHKDELOLWDWLRQ
WUDLQLQJWDVNDVPXFKDVSRVVLEOHZKLFKPD\IDFLOLWDWHSURYRNLQJ
PRWRU SODVWLFLW\ DQG PRWRU UHFRYHU\ 3UHOLPLQDU\ H[SHULPHQWV
ZLWK VHYHUDO KHDOWK\ VXEMHFWV ZHUH FRQGXFWHG WR HYDOXDWH WKH
IHDVLELOLW\DQGHIIHFWLYHQHVVRIWKLVVWUDWHJ\([SHULPHQWDOUHVXOWV
GHPRQVWUDWHGWKDWVXEMHFWVFRXOGVXFFHVVIXOO\ILQLVKWKHWUDFNLQJ
WDVNDVVLVWHGE\URERWZLWKWKHSURSRVHGFRQWURODOJRULWKP
Keywords—path control; rehabilitation robot; virtual tunnel; 
adaptive impedance controller 
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$VWKHQXPEHURIDJHGSHRSOHZKRDUHDOZD\VYXOQHUDEOHWR
QHXURORJLF LPSDLUPHQWV VXFK DV VWURNH KDV EHHQ LQFUHDVLQJ
WKHUH LV DQ LQFUHDVLQJ LQWHUHVW LQ XVLQJ URERWLF GHYLFHV WR
SURYLGHUHKDELOLWDWLRQWKHUDS\WRWKHVHSHRSOH>@$V\VWHPDWLF
UHYLHZRIFRQWUROVWUDWHJLHVIRUURERWLFPRYHPHQWWUDLQLQJKDV
EHHQSUHVHQWHGE\0DUFKDO&UHVSRHWDO>@$GHWDLOHGUHYLHZ
RIWKHWUHDGPLOOEDVHGURERWLFGHYLFHVDLGHGWRJDLWWUDLQLQJZDV
SUHVHQWHGE\+XVVDLQHWDO>@
:LWKWKHSUHYLRXVUHKDELOLWDWLRQURERWLFGHYLFHVVXFKDVWKH
/RNRPDW DQG *DLW 7UDLQHU SDWLHQWV RIWHQ IROORZHG WKH
SUHGHILQHG WUDMHFWRULHV DQG ZLWKRXW SHUVRQDO YROXQWDU\
SDUWLFLSDWLRQ>@  5HVHDUFKHUV KDYH VKRZHG WKDW SDWLHQW¶V
HIIRUWV ZHUH HVVHQWLDO WR LPSURYH UHKDELOLWDWLRQ RXWFRPHV>@
5LHQHUHWDOGHYHORSHGDSDWLHQWFRRSHUDWLYHPHWKRGE\WDNLQJ
LQWR DFFRXQWSDWLHQW¶V LQWHQWLRQ DQGYROXQWDU\ HIIRUWV WR DVVLVW
RUWKRSHGLF UHKDELOLWDWLRQ>@ $ KXPDQFHQWHUHG DSSURDFK ZDV
LPSOHPHQWHG RQ WKH JDLW WUDLQHU /RNRPDW LQ RUGHU WR SURYLGH
SDWLHQWVZLWKDPRUHFRPIRUWDEOHDQGPRUHHIILFLHQWWKHUDS\>@
+RZHYHU PDQ\ UHVHDUFKHV KDYH VKRZQ WKDW SURYLGLQJ WRR
PXFK DVVLVWDQFH PD\ KDYH QHJDWLYH FRQVHTXHQFHV IRU
UHKDELOLWDWLRQWUDLQLQJ>@6ROXWLRQVSURSRVHGWRILJXUHRXWWKH
SUREOHPZHUHWRXVHWKHDVVLVWDVQHHGHG$11VWUDWHJ\>@
)RU H[DPSOH DQ LPSHGDQFHEDVHG $11 JDLW WUDLQLQJ VFKHPH
ZDVGHYHORSHGWRSURYLGHLQWHUDFWLYHJDLWWUDLQLQJ>@
6LQFH HOHFWURP\RJUDSK\ (0* VLJQDOV FRQWDLQ PXFK
LPSRUWDQW LQIRUPDWLRQ VXFK DV PXVFOH IRUFH DQG LQWHQWLRQ RI
SDUWLFLSDQWV>@ WKH\ZHUHZLGHO\ HPSOR\HGDV FRQWURO VLJQDOV
IRU URERWDLGHG UHKDELOLWDWLRQ V\VWHPV ,Q UHFHQW \HDUV PDQ\
(0*EDVHGFRQWUROVWUDWHJLHVKDYHEHHQSURSRVHG2QWKHRQH
KDQG (0* VLJQDOV ZHUH VLPSO\ XVHG WR GHWHFW SDWLHQWV¶
LQWHQGHGPRWLRQ>@2QWKHRWKHUKDQGURERWLFDVVLVWDQFHFDQ
EHWULJJHUHG>@DQGWKHDPRXQWRIDVVLVWDQFHFDQEHDGDSWLYHO\
DGMXVWHG DFFRUGLQJ WR (0* VLJQDOV>@ +RZHYHU (0*
VLJQDOV DUH VHQVLWLYH WR PDQ\ HQYLURQPHQWDO IDFWRUV VXFK DV
HOHFWURGHSODFHPHQW>@ DQG LW LVQRW HDV\ WRDFKLHYH WKH UHDO
WLPHDQGKLJKDFFXUDF\PRWLRQSUHGLFWLRQ>@
,PSHGDQFHEDVHGFRQWUROOHUVDUHZLGHO\DSSOLHGWRPHHWWKH
UHTXLUHPHQWVRI DFWLYH UHKDELOLWDWLRQ WUDLQLQJ+RZHYHU LI WKH
URERWLVWRRVWLIIWKHSDWLHQWPD\IHHOSDVVLYHO\FRQWUROOHG,ILW
LV WRR VRIW WKH SDWLHQW PD\ GHYLDWH IURP WKH UHIHUHQFH
SK\VLRORJLFDO WUDMHFWRU\ WRR PXFK>@ $ VROXWLRQ WR WKLV
SUREOHP ZDV SURSRVHG E\ / &DL HW DO LQ >@ 'XULQJ WKHLU
H[SHULPHQWV ZLWKLQ WKH WXQQHO WKH VXEMHFWV UHFHLYHG D VPDOO
FRQVWDQW JXLGDQFH DQG FRXOGPRYH IUHHO\ 2XWVLGH WKH WXQQHO
WKH URERWLF GHYLFH ZRXOG GULYH WKH VXEMHFWV EDFN 7KH PDLQ
OLPLWDWLRQ RI WKHVH PHWKRGV LV WKDW SDUWLFLSDQWV PLJKW
LQDGYHUWHQWO\ PRYH RXW RI WKH WXQQHO IUHTXHQWO\ ZKLFKPLJKW
KDYHEDGHIIHFWV0RUHRYHU LISDUWLFLSDQWV FRXOGFRUUHFW WKHLU
PRWLRQGHYLDWLRQWKHURERWZRXOGQRWQHHGWRFUHDWHDUHVWRULQJ
IRUFHWRGULYHSDUWLFLSDQWVEDFNLQWRWKHWXQQHO,QWKLVVWXG\D
QRYHO SDWK FRQWURO PHWKRG FRPELQLQJ YLUWXDO WXQQHO DQG
DGDSWLYH LPSHGDQFHFRQWUROOHU LVSUHVHQWHG7KHYLUWXDO WXQQHO
LV GHVLJQHG WR SUHYHQW SDUWLFLSDQWV PRYLQJ RXW RI WKH
SK\VLRORJLFDOUDQJH$QGWKHDGDSWLYHLPSHGDQFHFRQWUROOHU LV
GHVLJQHGWRPDNHURERW¶VFRPSOLDQFHDGMXVWDFFRUGLQJWRDFWXDO
GHYLDWLRQ DQG UHODWLRQVKLS EHWZHHQ PRWLRQ LQWHQWLRQ DQG
GHVLUHGWUDMHFWRU\
,, 3$7+&21752/0(7+2'6
A. Virtual-tunnel 
,Q RUGHU WR NHHS WKH SDWLHQW FORVLQJ WR WKH UHIHUHQFH
SK\VLRORJLFDO WUDMHFWRU\ YLUWXDO WXQQHO ZDV SURSRVHG E\
.HOOHU>@ ,Q WKLV SDSHU D YLUWXDO WXQQHO LV DOVR GHVLJQHG
DFFRUGLQJ WR WKH UHIHUHQFH WUDMHFWRU\ VWDUWHG IURPSRVLWLRQTa  WRWKHWDUJHWSRVLWLRQTbVKRZQLQ)LJ'LIIHUHQWIURP>@WKHFRQWURO DOJRULWKP LQ WKLV SDSHU HQVXUHV WKDW SDWLHQWV DOZD\V
PRYH ZLWKLQ WKH WXQQHO 7KH UDGLXV RI WKH WXQQHO LV VHW WR D
FRQVWDQWR$QGWKHLQFUHDVHGRZLOOOHDGWRDODUJHUPRYHPHQW
UDQJH:LWKLQWKHWXQQHOWRDFHUWDLQGHJUHHWKHRSHUDWRUVFDQ
PRYH IUHHO\7KDWPHDQV LI WKH LQWHUDFWLRQ IRUFH LPSOHPHQWHG
RQ WKH URERW LV LQ WKH VDPH GLUHFWLRQ RI WKH GHVLUHG SDWK
SDWLHQWVFDQPRYHHDVLO\
$VVKRZQLQ)LJVLQFHWKHLQWHUDFWLYHIRUFHLVFRPSRVHG
RIFxFy FzZHXVHD  E J WRGHQRWHWKHDQJOHEHWZHHQFx 
Fy Fz DQG WKH WDQJHQW RI UHIHUHQFH WUDMHFWRU\ UHVSHFWLYHO\2EYLRXVO\WKHVPDOOHUDQJOHVZLOOUHVXOWLQWKHPRUHFRPSOLDQW
URERW$QRWKHUNH\IDFWRUWKDWDIIHFWVURERW¶VFRPSOLDQFHLVWKH
GLVWDQFHEHWZHHQWKHDFWXDOSRVLWLRQPaDQGWKHUHIHUHQFHSRLQW
Pb ,Q WKLVSDSHU WKHGLVWDQFH LVGHQRWHGE\ d' 6SHFLDOO\ LIWKH Pa LV LQ IURQW RI WKH WDUJHW SRLQW Tb d' ZLOO EH VHW WR_ _a bP T WKHGLVWDQFHEHWZHHQWKHVHWZRSRLQWV6LPLODUO\ LIWKH Pa LV UHDUZDUG WR WKH VWDUWLQJ SRLQW Ta d' ZLOO EH VHW WR_ _a aP T  DV VKRZQ LQ)LJ'HWDLOHGTXDQWLWDWLYH DQDO\VLV RIURERW¶VFRPSOLDQFHZLOOEHSUHVHQWHGLQWKHQH[WVHFWLRQ
7ZR PDLQ UDWLRQDOHV FDQ EH JLYHQ IRU WKLV UHKDELOLWDWLRQ
VWUDWHJ\2QH UDWLRQDOH LV WKDW DFWLYH HIIRUWV DUH WKRXJKW WREH
HVVHQWLDO IRU UHKDELOLWDWLRQ WUDLQLQJ ZKLOH WKH SDWLHQW¶V
LQDSSURSULDWH HIIRUWV VKRXOG EH GLVWLQJXLVKHG IURP WKH ULJKW
HIIRUWV:HDVVXPHWKDWWKHGHYLDWLRQIURPGHVLUHGSDWKFDXVHG
E\ LQDSSURSULDWHHIIRUWVVKRXOGEH UHGXFHGFRPSDUHGZLWK WKH
FRUUHFW RQH$QRWKHUPRWLYDWLRQ LV WKDW LQRUGHU WR HQVXUH WKH
SDWLHQW¶V VDIHW\ WKH DOORZHG GHYLDWLRQ VKRXOG QRW EH\RQG WKH
SK\VLRORJLFDOUDQJHRIPRWLRQ
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)LJ3URSRVHGYLUWXDOWXQQHOPRGHOLQ&DUWHVLDQFRRUGLQDWH
B. Adaptive Impedance control algorithm 
,PSHGDQFH FRQWURO DOJRULWKP ZDV ILUVW SURSRVHG E\
+RJDQ> @ DQG UHFHQWO\ LW KDV EHHQ ZLGHO\ XVHG LQ URERWLF
UHKDELOLWDWLRQ GHYLFHV ,Q WKLV SDSHU D QRYHO DGDSWLYH
LPSHGDQFH FRQWUROOHU LV SURSRVHG *HQHUDOO\ WKH GHVLUHG
LPSHGDQFH PRGHO EHWZHHQ URERW DQG WKH LQMXUHG OLPE FDQ EH
GHVFULEHGDV
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ZKHUH dM  dB  dK DUH WKH GHVLUHG LQHUWLD GDPSLQJ DQGVWLIIQHVV PDWUL[ UHVSHFWLYHO\ dx  x  dx  x DUH GHVLUHG DQGDFWXDOYHORFLW\DQGSRVLWLRQRIUHKDELOLWDWLRQURERWUHVSHFWLYHO\
eF LV WKH LQWHUDFWLRQ IRUFH>@ 6LQFH DFFHOHUDWLRQ RI WKHSDUDOOHOURERWFKDQJHVYHU\VORZO\FDQEHVLPSOLILHGDV
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
$VDIRUHPHQWLRQHG LI WKHGLUHFWLRQRI WKH LQWHUDFWLRQ IRUFH
LV SDUDOOHO WR WKH WDQJHQW RI WKH GHVLUHG SDWK WKH LPSHGDQFH
VKRXOG EH YHU\ ORZ VR WKH URERW¶V EHKDYLRU ZLOO EH YHU\
IOH[LEOH DQG WKHQ WKH SDWLHQW FDQ PRYH DORQJ WKH SDWK IUHHO\
)RUFRQYHQLHQFHZHXVHWKHDQJOHT WRGHQRWHWKHWKUHHDQJOHV
 D  E  J  ,Q RUGHU WR DOORZ SDWLHQWV¶ GHYLDWLRQ IURP
UHIHUHQFH WUDMHFWRU\ DQG NHHS WKHP PRYLQJZLWKLQ WKH WXQQHO
WKH FRPSOLDQFH RI URERW VKRXOG EH DOVR DGMXVWHG DFFRUGLQJ WR
d'  ,W LV UHDVRQDEOH WKDW D ODUJHU d' ZLOO UHVXOW LQ D KLJKHU
LPSHGDQFHRIURERWWRSUHYHQWSDWLHQWV¶IXUWKHUGHYLDWLRQIURP
UHIHUHQFHWUDMHFWRU\$WODVWWKHLPSHGDQFHSDUDPHWHUV dB DQG
dK DUHRQOLQHDGMXVWHGDFFRUGLQJWRWKHIROORZLQJHTXDWLRQV
  FRVdB B C C dT   ' 
  FRVdK K C C dT   ' 
ZKHUH B DQG K DUH LQLWLDO YLVFRXV GDPSLQJ DQG VSULQJFRHIILFLHQW GLDJRQDO PDWULFHV C DQG C DUH WKH FRHIILFLHQWV7KHUHIRUH WKH YDOXH RI LPSHGDQFH SDUDPHWHUV dB DQG dK LQFUHDVHZKHQ d' DQGT VLPXOWDQHRXVO\LQFUHDVH
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)LJ%ORFNGLDJUDPRIDGDSWLYHLPSHGDQFHFRQWUROV\VWHP
7KH EORFN GLDJUDP RI WKLV SURSRVHG FRQWUROOHU V\VWHP LV
VKRZQ LQ )LJ $QG LW LV PDLQO\ FRPSRVHG RI D
SRVLWLRQYHORFLW\ FRQWUROOHU DQG DQ DGDSWLYH LPSHGDQFH
FRQWUROOHU $ IX]]\ 3,' 3URSRUWLRQ,QWHJUDWLRQ'LIIHUHQWLDO
FRQWURO DOJRULWKP LV HPSOR\HG IRU SRVLWLRQ DQG YHORFLW\
WUDFNLQJ 7KH FRPSOLDQW FRQWURO RI URERW LV UHDOL]HG E\ DQ
LPSHGDQFH FRQWUROOHU $ YLVXDO IHHGEDFN EORFN LV SURYLGHG WR
LQVWUXFWSDWLHQWVLQWUDLQLQJSURFHVV
,,, (;3(5,0(17$/5(68/76$1'',6&866,21
A. Experimental protocol  
,QRUGHUWRHYDOXDWHWKHIHDVLELOLW\DQGHIIHFWLYHQHVVRIWKH
SDUDOOHO URERW V\VWHP DQG WKH DGDSWLYH LPSHGDQFH FRQWURO
DOJRULWKPSUHOLPLQDU\H[SHULPHQWVZHUHFRQGXFWHG$VVKRZQ
LQ )LJ H[SHULPHQWV ZHUH FRQGXFWHG RQ D SDUDOOHO URERWLF
V\VWHP PDLQO\ FRQVLVWV RI D URERW SODWIRUP D IRUFH VHQVRU D
'63FRQWUROOHUFDELQHWDQGD3&7KHSDUDOOHOURERWSODWIRUP
KDVVL[GHJUHHVRIIUHHGRP'2)VQDPHO\ WKUHHWUDQVLWLRQDO
'2)V x y z DQG WKUHH URWDWLRQDO '2)V $OSKD %HWD
*DPPD7KHLQWHUDFWLRQIRUFHFxFyFzFDQEHPHDVXUHGE\D WULD[LDO IRUFH VHQVRU )XWHN$GYDQFHG6HQVRU7HFKQRORJ\
,1& 86$ PRXQWHG EHWZHHQ WKH PRYLQJ SODWIRUP DQG WKH
IRRWSODWH
3&
'6
3V
5RERW3ODWIRUP
)RUFH6HQVRU

)LJ3DUDOOHOURERWLFV\VWHPIRUORZHUOLPEUHKDELOLWDWLRQ
6HYHUDO KHDOWK\ VXEMHFWV ZHUH VHOHFWHG WR XQGHUJR D
WUDMHFWRU\ WUDFNLQJ H[SHULPHQW DVVLVWHG E\ WKH UHKDELOLWDWLRQ
URERW $QG DOO RI WKHP ZHUH LQIRUPHG RI KRZ WR RSHUDWH WKH
URERW)RUFRQYHQLHQFHWKHUHIHUHQFHWUDMHFWRU\ZDVVHWWREHD
FLUFOHSODQHz  PPDQG LWV UDGLXVZDVPP$QGWKH
UDGLXVRIWKHWXQQHOZDVPP6LQFHWKHGHVLUHGPRYHPHQW
UDQJH ZDV LQ D SODQH ZLWKRXW ORVV RI JHQHUDOLW\ WKH
FRPSOLDQFH RI URERW FRXOG EH DIIHFWHG E\ RSHUDWRUV¶ HIIRUWV
RQO\ LQxDQGy GLUHFWLRQV7KH LQWHUDFWLYHIRUFHPHDVXUHGE\
IRUFH VHQVRU ZDV XVHG WR LQGLFDWH WKH VXEMHFW¶V YROXQWDU\
HIIRUWV 'XULQJHYDOXDWLRQH[SHULPHQWVSDUWLFLSDQWVZLOOILQG
LWKDUGWRPRYHDJDLQVWWKHSDWKDQGHDV\WRPRYHWRZDUGWKH
GHVLUHGSDWK,QHDFKH[SHULPHQWWKHVXEMHFWFRXOGREWDLQWKH
FRUUHVSRQGLQJ LQIRUPDWLRQ LQ UHDOWLPH LQFOXGLQJ WKH DFWXDO
SRVLWLRQ WKH GHVLUHG SDWK DQG WKH YDOXH RI LQWHUDFWLYH IRUFH
WKURXJKDPRQLWRU$QGVRPHLPSRUWDQWGDWDVXFKDVDGMXVWHG
LPSHGDQFH SDUDPHWHUV IRUFH YDOXH DQG DFWXDOUHIHUHQFH
WUDMHFWRULHVZHUHUHFRUGHGIRURIIOLQHDQDO\VLV
B. Results  
,QWKLVVHFWLRQWKHSUHOLPLQDU\H[SHULPHQWDOUHVXOWVRIWKH
SURSRVHG FRQWURO VFKHPH DUH SUHVHQWHG 7KH SURFHVV RI WKH
DGDSWLYH LPSHGDQFH FRQWURO DOJRULWKP GHVLJQHG LQ WKLV SDSHU
FDQ EH GLYLGHG LQWR WZR SDUWV DGMXVWPHQW SURFHVV LQ x
GLUHFWLRQDQGWKDWLQyGLUHFWLRQ6LQFHWKHDGMXVWPHQWSULQFLSOH
LQ HDFK GLUHFWLRQ LV VLPLODU ZH WDNH WKH x GLUHFWLRQ DV DQ
H[DPSOH WR HYDOXDWH WKH SURSRVHG PHWKRG )LJ VKRZV WKH
LPSHGDQFHDGMXVWLQJSURFHVVLQxGLUHFWLRQDQG\GLUHFWLRQDQG
)LJVKRZVWKHDFWXDOWUDMHFWRU\WUDFNLQJUHVXOWV
$VVKRZQLQ)LJDWKHGHYLDWLRQ d' DQGWKHDQJOHD 
FKDQJHGVLJQLILFDQWO\RYHUWLPHDQGDVDUHVXOWWKHLPSHGDQFH
SDUDPHWHUVZHUHDGMXVWHGVLPXOWDQHRXVO\,WGHPRQVWUDWHVWKDW
WKH VXEMHFWV KDG DFWLYHO\ SDUWLFLSDQW LQ WKH H[SHULPHQWV E\
DSSO\LQJ WKHLU HIIRUWV WR WUDFN WKH UHIHUHQFH WUDMHFWRU\ 7KH
SHDNRIWKHGHYLDWLRQFXUYHZDVEHORZPPZKLFKZDVOHVV
WKDQWKHUDGLXVRIYLUWXDOWXQQHO7KDWPHDQVWKHURERWDOZD\V
PRYHG ZLWKLQ WKH WXQQHO DQG WKH GHVLJQHG YLUWXDO WXQQHO
ZRUNHG ZHOO LQ SUHYHQWLQJ RSHUDWRUV PRYLQJ RXW RI WKH
SK\VLRORJLFDO PRYHPHQW UDQJH ,Q DGGLWLRQ WKH SDUW D DQG
SDUW D FLUFOHG E\ UHG OLQH VKRZV WKDW ZKHQ RSHUDWRUV
LQDGYHUWHQWO\ DSSOLHG D IRUFH DJDLQVW WKH GLUHFWLRQ RI GHVLUHG
SDWK WKH DQJOHD ZRXOG LQFUHDVH WR PRUH WKDQ S  UDG
ZKLFK ZRXOG UHVXOW LQ WKH LQFUHDVH RI LPSHGDQFH 3DUW E DQG
SDUWFEHWZHHQWKHWZRSXUSOHGDVKHGOLQHVFOHDUO\UHYHDOWKH
G\QDPLFDGMXVWPHQWSURFHVVRILPSHGDQFHSDUDPHWHUV
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)LJ$GMXVWPHQWSURFHVVLQ[GLUHFWLRQDDQGLQ\GLUHFWLRQE)URPWRS
WR ERWWRP RI ERWK JUDSKV WKH ILUVW RQH LQGLFDWHV WKH FKDQJH RI LPSHGDQFH
SDUDPHWHUVGXULQJPRYHPHQW LQZKLFK WKHEOXH OLQH LV WKHGDPSLQJDQG WKH
UHGOLQHLVWKHVWLIIQHVVSDUDPHWHU7KHVHFRQGRQHLQGLFDWHVWKHOLPE¶VDFWXDO
GHYLDWLRQ d' IURP GHVLUHG SDWK 7KH WKLUG RQH LQGLFDWHV WKH DQJOH D 
EHWZHHQWKHIRUFHYHFWRUDQGWKHWDQJHQWYHFWRURIWKHGHVLUHGSDWK7KHIRXUWK
RQHLQGLFDWHVWKHIRUFHVLJQDOLQ[GLUHFWLRQ$QGWKHODVWRQHLVWKHRXWSXWRI
DGDSWLYH LPSHGDQFH FRQWUROOHU ,Q WKLV SDSHU WKH RXWSXW LV WKH SRVLWLRQ
FRUUHFWLRQRIUHIHUHQFHWUDMHFWRU\
$VVKRZQLQ)LJDOWKRXJKWKHDFWXDOWUDMHFWRU\ZDVQRWD
VWDQGDUG FLUFOH WKH FXUYH DOZD\V VXUURXQGHG WKH UHIHUHQFH
FLUFOH $V WKH DERYH PHQWLRQHG D YLUWXDO WXQQHO EDVHG SDWK
FRQWUROPHWKRGZDVDOVRHPSOR\HGLQ>@7KHLUH[SHULPHQWDO
UHVXOWVGHPRQVWUDWHGWKDWLQRUGHUWREULQJWKHDUPWUDMHFWRULHV
FORVHUWRWKHUHIHUHQFHWUDMHFWRULHVWKHUDGLXVRIWXQQHOVKRXOG
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EHGHFUHDVHGDQGWKHLPSHGDQFHRIURERWVKRXOGEHLQFUHDVHG
,Q WKLV ZD\ WKH SDUWLFLSDQWV¶ ZHUH OLPLWHG WR D VPDOOHU
PRYHPHQW UDQJH VLQFH WKH UDGLXV RI WXQQHO ZDV GHFUHDVHG
DQG WKHLU DELOLW\ WRGULYH URERWZDVDOVRZHDNHQHG VLQFH WKH
LPSHGDQFH RI URERW ZDV LQFUHDVHG LQVWHDG RI HQFRXUDJLQJ
SDUWLFLSDQWV WR DFWLYHO\ FRUUHFW WKHLU PRWLRQ GHYLDWLRQ LQ UHDO
WLPH ,W LVK\SRWKHVL]HG WKDW WKH ODWWHUPD\IDFLOLWDWH WRPRWRU
UHFRYHU\$V IRURXUVWXG\ WKHSURSRVHGDGDSWLYH LPSHGDQFH
FRQWURO VFKHPH FDQ KHOS SDUWLFLSDQWV FRPSOHWH WKH WDVN RI
WUDMHFWRU\WUDFNLQJVXFFHVVIXOO\
      
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




;GLUHFWLRQPP
<G
LUH
FWL
RQ
P
P
'HVLUHG3DWK
$FWXDO3DWK
,QWHUQDO%RXQGDU\
([WHUQDO%RXQGDU\

)LJ$FWXDOWUDMHFWRU\WUDFNLQJUHVXOWVFRPSDUHGWRUHIHUHQFHWUDMHFWRU\7KH
UHGOLQHLQGLFDWHVWKHGHVLUHGSDWKZKLFKLVDFLUFOHDQGLWVUDGLXVLVPP
7KHEOXHOLQHLQGLFDWHVWKHDFWXDOWUDMHFWRU\RIOLPE7KHJUHHQOLQHLQGLFDWHV
WKHLQWHUQDOERXQGDU\RIYLUWXDOWXQQHODQGLWVUDGLXVLVPP7KHEODFNOLQH
LVWKHH[WHUQDOERXQGDU\RIWXQQHODQGLWVUDGLXVLVPP
C. Discussion 
7KHPDLQSXUSRVHRIUHKDELOLWDWLRQWUDLQLQJIRUSDWLHQWVZKR
VXIIHUHGIURPQHXURORJLFLPSDLUPHQWVVXFKDVVWURNHDQGVSLQDO
FRUG LQMXU\ LV WR SURYRNH PRWRU SODVWLFLW\ 5HSHDWHG PRWRU
OHDUQLQJ WDVN DVVLVWHG E\ URERW ZDV SURSRVHG E\ .ULVKQDQ WR
LQGXFHEUDLQSODVWLFLW\DQGPRWRUUHFRYHU\>@,QWKLVVWXG\D
QRYHO VFKHPH ZDV SURSRVHG IRU WKH VDPH UHDVRQ:HGLG QRW
SURYLGH D UHVWRULQJ IRUFH WR KHOS VXEMHFWV PRYH WRZDUG WKH
WDUJHW :H MXVW LQIRUPHG VXEMHFWV ZKHQ WKH\ WULHG WR GHYLDWH
IURP WKH GHVLUHG SDWK E\ LQFUHDVLQJ WKH LPSHGDQFH RI URERW
6XEMHFWVZHUHHQFRXUDJHGWRFRUUHFWWKHLUPRWLRQGHYLDWLRQE\
WKHLURZQHIIRUWV:HDVVXPHWKDWDIWHUUHSHDWLQJWKLVWDVNWKH
SDUWLFLSDQWVZLOOJUDGXDOO\OHDUQKRZWRFRPSOHWHWKHWDVNLQD
IDVW DQG DFFXUDWH ZD\ DQG DV D UHVXOW WKH SURSRVHG FRQWURO
VFKHPHZLOOLPSURYHWKHRXWFRPHVRIUHKDELOLWDWLRQWUDLQLQJ
,9 &21&/86,21$1')8785(:25.
7KLV VWXG\ SUHVHQWHG D QRYHO DGDSWLYH LPSHGDQFH FRQWURO
VFKHPHIRUUHKDELOLWDWLRQURERW7KLVFRQWUROVWUDWHJ\LVFDSDEOH
RIDGMXVWLQJWKHGHVLUHGLPSHGDQFHEHWZHHQURERWDQGLPSDLUHG
OLPE LQ UHDO WLPH7KHGLVWLQFWLYH IHDWXUHRI WKLV VWUDWHJ\ LV WR
HQFRXUDJHWKHSDWLHQWWRFRPSOHWHWUDLQLQJH[HUFLVHXVLQJWKHLU
RZQ HIIRUWV DV PXFK DV SRVVLEOH DQG OLPLW WKHLU LQDSSURSULDWH
PRWLRQLQWHQWLRQ)XUWKHUPRUHWKHFRQWUROVFKHPHLVFDSDEOHRI
SURYLGLQJDYLUWXDOWXQQHOWRSUHYHQWWKHSDWLHQWPRYLQJRXWRI
WKH SK\VLRORJLFDOO\ PHDQLQJIXO UDQJH RI PRWLRQ 3UHOLPLQDU\
H[SHULPHQWDOUHVXOWVZLWKVHYHUDOKHDOWK\VXEMHFWVRQDSDUDOOHO
URERWLF V\VWHP GHPRQVWUDWHG WKDW VXEMHFWV FRXOG VXFFHVVIXOO\
ILQLVK WKH WUDFNLQJ WDVN DVVLVWHG E\ URERW ZLWK WKH SURSRVHG
DGDSWLYH LPSHGDQFHFRQWURODOJRULWKP)XWXUHZRUNVKRXOGEH
LQYHVWHG LQ H[SHULPHQWV RQ SDWLHQWV WR WHVW ZKHWKHU WKH
SURSRVHG VWUDWHJ\ FDQ DFWXDOO\ HQKDQFH WKH UHKDELOLWDWLRQ
RXWFRPHV
$&.12:/('*0(17
7KLV UHVHDUFK LV IXQGHG DQG VXSSRUWHG E\ WKH 1DWLRQDO
1DWXUDO6FLHQFH)RXQGDWLRQRI&KLQD*UDQW1RDQG
WKH )XQGDPHQWDO 5HVHDUFK )XQGV IRU WKH &HQWUDO
8QLYHUVLWLHV*UDQW1RV,9DQG<%
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$GYDQFHVLQ0HFKDQLFDO(QJLQHHULQJ, 
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